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(54) OLIGONUCLEOTIDE MOLECULE AND APPLICATION THEREOF IN TUMOR THERAPY

(57) The present invention relates to oligomeric nu-
cleic acids and uses thereof for the treatment of tumors.
The oligomeric nucleic acid for tumor treatment provided
by the present application can be small activating nucleic
acid molecules. A small activating nucleic acid molecule
of the present invention can be a double-stranded or sin-
gle-stranded RNA molecule targeting the promoter re-
gion of an LHPP gene comprising a first nucleic acid
strand and a second nucleic acid strand. The dou-
ble-stranded RNA molecule targeting the promoter re-
gion of the LHPP gene comprises two nucleic acid
strands of 16 to 35 nucleotides in length, wherein one of

the nucleic acid strands has at least 75% homology or
complementarity to a target selected from the promoter
region of the LHPP gene. The present invention also re-
lates to pharmaceutical compositions comprising the
small activating nucleic acids and optional pharmaceuti-
cally acceptable carriers, and methods for upregulating
the expression of the LHPP gene in a cell and methods
for treating diseases or conditions related to insufficient
or decreased expression of LHPP gene by using the
small activating nucleic acid molecules or the pharma-
ceutical compositions.
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Description

TECHNICAL FIELD

[0001] The present invention belongs to the technical field of nucleic acids, and more particularly it relates to oligomeric
nucleic acids associated with gene activation, e.g., small activating nucleic acid molecules, uses of the small activating
nucleic acid molecules in activating/up-regulating the transcription of histidine phosphatase LHPP (Phospholysine phos-
phohistidine inorganic pyrophosphate phosphatase) gene, and uses thereof in treating LHPP deficiency-associated
diseases, such as tumors.

BACKGROUND

[0002] The histidine phosphatase LHPP (Phospholysine phosphohistidine inorganic pyrophosphate phosphatase)
gene on the chromosome 10q26.13 of the human genome has seven exons, and can be transcribed to produce nine
LHPP splice variants. LHPP is expressed in various human tissues, including liver, kidney, brain tissues, and the like (1-3).
[0003] Multiple genome-wide association studies (GWAS) have showed that LHPP is a risk factor in causing severe
depression (2; 4-7) and cancer (8-10). A recent study on hepatocellular carcinoma (HCC) showed that LHPP was proved
to be histidine phosphatase with a tumor suppressor function (11). Using a hepatocellular carcinoma mouse model
(mTOR-driven), this study showed an significant increase in histidine phosphorylation levels in the tumor tissues during
the tumor formation. A proteome analysis showed increased expression levels of histidine kinase NME1 (Nucleoside
diphosphate kinase A) and histidine kinase NME2 (Nucleoside diphosphate kinase B) in tumor tissue, with decreased
expression level of histidine phosphatase LHPP. Interestingly, after the LHPP gene was introduced into the hepatocellular
carcinoma mouse model, tumor weight was reduced and liver function was protected. Furthermoreaccording to an
analysis of LHPP expression in a liver cancer patient sample, LHPP expression was negatively correlated with tumor
severity and positively correlatedwith the overall survival rate of the patient (11). Therefore, LHPP has the potential as
a therapeutic target for hepatocellular carcinoma.
[0004] China is a country with the prevalence of liver cancer and more than half of the cases of HCC worldwide occur
in China (12). However, there are few approaches to treat liver cancer and a limited curative effect exists. Therefore,
there is an urgent need to develop an innovative drug. The present invention provides a highly specific, small activating
RNA capable of continuously activating/upregulating LHPP transcription, which can in turn increase LHPP protein ex-
pression and have a remarkable tumor inhibition effect as shown by in in-vitro and in-vivo studies. The small activating
RNA is expected to become an effective treatment for cancers.

SUMMARY

Disclosure

[0005] One objective of the present invention is to provide small activating nucleic acid molecules, which can increase
the expression of LHPP protein by activating/up-regulating the transcription of the LHPP gene via an RNA activation
process to thereby treat an LHPP deficiency-associated disease, such as tumors.
[0006] Another objective of the present invention is to provide compositions and formulations comprising the small
activating nucleic acid molecules with the tumor inhibitory activity.
[0007] Yet another objective of the present invention is to provide a use of the small activating nucleic acid molecule
with the tumor inhibitory activityor the compositions or formulationscomprising the same in preparing a medicament for
activating/up-regulating the expression of the LHPP gene in a cell.
[0008] Still yet another objective of the present invention is to provide a method for activating/up-regulating the ex-
pression of LHPP gene in a cell.
[0009] Still another objective of the present invention is to provide the use of the small activating nucleic acid molecule
with the tumor inhibitory activity or the compositions or formulations comprising the same in preparing a therapeutic for
treating a disease or condition,e.g., tumors, which is related to LHPP deficiency or insufficiency, or a method for treating
a disease or condition,e.g., tumors, related to LHPP deficiency or insufficiency.
[0010] Another objective of the present invention is to provide an isolated target site of a small activating nucleic acid
molecule on an LHPP gene, wherein the target site comprises or is selected from any sequence of continuous 16 to 35
nucleotides in any of the sequences set forth in SEQ ID NOs: 500-504.

Technical Solution

[0011] In one aspect of the present invention, a small activating nucleic acid molecule is provided, which can activate/up-
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regulate the expression of LHPP gene in a cell. One strand of the small activating nucleic acid molecule has at least
75% homology or complementarity to a nucleic acid sequence of 16 to 35 nucleotides in length in a promoter region of
LHPP gene, thereby activating or up-regulating the expression of the gene, wherein the promoter region comprises 1000
nucleotides upstream of a transcription start site. Specifically, one strand of the small activating nucleic acid molecule
comprises or is selected from a nucleic acid sequence having at least 75%, e.g., at least about 79%, about 80%, about
85%, about 90%, about 95%, about 99% or 100%, homology or complementarity to a sequence of continuous 16 to 35
nucleotides in positions -917 to -844 (H1, SEQ ID NO: 500), positions -710 to -675 (H2, SEQ ID NO: 501), positions
-198 to -168 (H3, SEQ ID NO: 502), positions -151 to -28 (H4, SEQ ID NO: 503) or positions -845 to -711 (H5, SEQ ID
NO: 504) upstream of the transcription start site in the LHPP gene promoter. More specifically, one strand of the small
activating nucleic acid molecule of the present invention has at least 75%, e.g., at least about 79%, about 80%, about
85%, about 90%, about 95%, about 99% or about 100%, homology or complementarity to any nucleotide sequence
selected from SEQ ID NOs: 329-492. In one specific embodiment, one strand of the small activating nucleic acid molecule
of the present invention comprises a nucleic acid sequence having at least 75%, e.g., at least about 79%, about 80%,
about 85%, about 90%, about 95%, about 99% or about 100% homology or complementarity to any nucleotide sequence
selected from SEQ ID NOs: 329-492. In another embodiment, one strand of the small activating nucleic acid molecule
of the present invention consists of a nucleic acid sequence having at least 75%, e.g., at least about 79%, about 80%,
about 85%, about 90%, about 95%, about 99% or about 100%, homology or complementarity to any nucleotide sequence
selected from SEQ ID NOs: 329-492.
[0012] The small activating nucleic acid molecule of the present invention comprises a double-stranded small activating
nucleic acid molecule targeting the promoter region of LHPP gene comprising a first nucleic acid strand and a second
nucleic acid strand, wherein the first nucleic acid strand has at least 75% homology or complementarity to any sequence
of 16 to 35 continuous nucleotides in positions -917 to -844 (SEQ ID NO: 500), positions -710 to -675 (SEQ ID NO: 501),
positions -198 to -168 (SEQ ID NO: 502), positions -151 to -28 (SEQ ID NO: 503) or positions -845 to -711 (SEQ ID NO:
504) upstream of the transcription start site in the LHPP gene promoter, and the first nucleic acid strand and the second
nucleic acid strand can complementarily form a double-stranded nucleic acid structure capable of activating the expres-
sion of LHPP gene in a cell.
[0013] The first nucleic acid strand and the second nucleic acid strand of the small activating nucleic acid molecule
of the present invention can be present either on two different nucleic acid strands or on the same nucleic acid strand.
When the first nucleic acid strand and the second nucleic acid strand are located on two different strands, at least one
strand of the small activating nucleic acid molecule can have overhangs at the 5’ terminus and/or the 3’ terminus, e.g.
overhangs of 0 to 6 nucleotides in length at 3’ terminus, such as overhangs of 0, 1, 2, 3, 4, 5 or 6 nucleotides in length.
Preferably, both strands of the small activating nucleic acid molecule of the present invention have overhangs; more
preferably, the 3’ terminus of both strands of the small activating nucleic acid molecule can have overhangs of 0 to 6
nucleotides in length, e.g., overhangs of 0, 1, 2, 3, 4, 5 or 6 nucleotides in length; and most preferably overhangs of 2
or 3 nucleotides in length. Preferably, the nucleotide of the overhang can be dT.
[0014] The small activating nucleic acid molecule of the present invention can also comprise a small activating nucleic
acid molecule capable of forming a double-stranded region hairpin structure, e.g., a single-stranded small activating
RNA molecule. In one embodiment, the small activating nucleic acid molecule of the present invention comprises a
single-stranded small activating RNA molecule targeting the promoter region of LHPP gene, wherein the single-stranded
small activating nucleic acid molecule can form a double-stranded region hairpin structure. When the first nucleic acid
strand and the second nucleic acid strand are present on the same nucleic acid strand, preferably, the small activating
nucleic acid molecule of the present invention can be a hairpin single-stranded nucleic acid molecule, wherein the first
nucleic acid strand and the second nucleic acid strand have complementary regions capable of forming a double-stranded
nucleic acid structure, and the double-stranded nucleic acid structure can promote the expression of LHPP gene in a
cell with, for example, a RNA activation mechanism.
[0015] In the aforementioned small activating nucleic acid molecule, the first nucleic acid strand and the second nucleic
acid strand can have 16 to 35 nucleotides, e.g., 16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34
or 35 nucleotides in length.
[0016] In one embodiment, the first nucleic acid strand of the small activating nucleic acid molecule of the present
invention has at least 75%, e.g., at least about 79%, about 80%, about 85%, about 90%, about 95%, about 99% or about
100%, identity or homology to any nucleotide sequence selected from SEQ ID NOs: 1-164, and the second nucleic acid
strand of the small activating nucleic acid molecule has at least 75%, e.g., at least about 79%, about 80%, about 85%,
about 90%, about 95%, about 99% or about 100%, identity or homology to any nucleotide sequence selected from SEQ
ID NOs: 165-328. In one embodiment, the first nucleic acid strand of the small activating nucleic acid molecule of the
present invention comprises a nucleic acid sequence having at least 75%, e.g., at least about 79%, about 80%, about
85%, about 90%, about 95%, about 99% or about 100%, identity or homology to any nucleotide sequence selected from
SEQ ID NOs: 1-164, or consists of a nucleic acid sequence having at least 75%, e.g., at least about 79%, about 80%,
about 85%, about 90%, about 95%, about 99% or about 100%, identity or homology to any nucleotide sequence selected
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from SEQ ID NOs: 1-164; and the second nucleic acid strand of the small activating nucleic acid molecule of the present
invention comprises a nucleic acid sequence having at least 75%, e.g., at least about 79%, about 80%, about 85%,
about 90%, about 95%, about 99% or about 100%, identity or homology to any nucleotide sequence selected from SEQ
ID NOs: 165-328, or consists of a nucleic acid sequence having at least 75%,e.g., at least about 79%, about 80%, about
85%, about 90%, about 95%, about 99% or about 100%, identity or homology to any nucleotide sequence selected from
SEQ ID NOs: 165-328. In a specific embodiment, the first nucleic acid strand of the small activating nucleic acid molecule
of the present invention can comprise or be selected from any nucleotide sequence set forth in SEQ ID NOs: 1-164,
and the second strand can comprise or be selected from any nucleotide sequence set forth in SEQ ID NOs: 165-328.
In one embodiment, the small activating nucleic acid molecule described herein can be synthesized, transcribed in vitro
or expressed by a vector.
[0017] All the nucleotides in the small activating nucleic acid molecule described herein can be natural non-chemically
modified nucleotides or can comprise at least one modification. In one embodiment, the modification in the small activating
nucleic acid molecule described herein can be chemical modification, for example, at least one nucleotide can have
chemical modification, and the chemical modification used in the present invention can comprise or be selected from
one or more or any combination of the following modifications:

(1) modification of a phosphodiester bond of nucleotides in the nucleotide sequence of the small activating nucleic
acid molecule;
(2) modification of 2’-OH of a ribose in the nucleotide sequence of the small activating nucleic acid molecule; and
(3) modification of a base in the nucleotide sequence of the small activating nucleic acid molecule;
(4) at least one nucleotide in the nucleotide sequence of the small activating nucleic acid molecule being a locked
nucleic acid.

[0018] The chemical modification described herein is well-known to those skilled in the art, and the modification of the
phosphodiester bond refers to the modification of oxygen in the phosphodiester bond including, but not limited to phos-
phorothioate modification and boranophosphate modification. Both modifications can stabilize an saRNA structure and
maintain high specificity and high affinity for base pairing.
[0019] The ribose modification refers to the modification of 2’-OH in pentose of a nucleotide, i.e., the introduction of
some substituents into hydroxyl positions of the ribose, for example, including, but not limited to 2’-fluoro modification,
2’-oxymethyl modification, 2’-oxyethylidene methoxy modification, 2,4’-dinitrophenol modification, locked nucleic acid
(LNA), 2’-amino modification, 2’-deoxy modification, etc.
[0020] The base modification refers to the modification of the base of a nucleotide, for example, including, but not
limited to 5’-bromouracil modification, 5’-iodouracil modification, N-methyluracil modification, 2,6-diaminopurine modifi-
cation, etc.
[0021] These modifications can increase the bioavailability of the small activating nucleic acid molecule, improve
affinity to a target sequence, and enhance resistance to nuclease hydrolysis in a cell.
[0022] In addition, in order to promote the access of the small activating nucleic acid molecule into a cell, on the basis
of the aforementioned modifications, a lipophilic group (such as cholesterol) can be introduced into the terminus of the
first nucleic acid strand or the second nucleic acid strand of the small activating nucleic acid molecule to facilitate the
interaction with the gene promoter region in the cell nucleus through the cell membrane and nuclear membrane composed
of lipid bilayers.
[0023] After contacting a cell, the small activating nucleic acid molecule provided by the present invention can effectively
activate or up-regulate the expression of the LHPP gene in the cell, preferably up-regulate the expression by at least 10%.
[0024] Another aspect of the present invention relates to a nucleic acid coding the small activating nucleic acid molecule
described herein. In one embodiment, the nucleic acid can be a DNA molecule.
[0025] Another aspect of the present invention provides a cell comprising the aforementioned small activating nucleic
acid molecule or the nucleic acid coding the small activating nucleic acid molecule described herein. In one embodiment,
the small activating nucleic acid molecule of the present invention can be a double-stranded small activating nucleic
acid molecule targeting the promoter region of LHPP gene, comprising a first nucleic acid strand and a second nucleic
acid strand. In another embodiment, the small activating nucleic acid molecule of the present invention can be a single-
stranded small activating nucleic acid molecule targeting the promoter region of LHPP gene.
[0026] Another aspect of the present invention provides a composition, e.g., a pharmaceutical composition. The com-
position comprises the small activating nucleic acid molecule of the present invention or the nucleic acid coding the
small activating nucleic acid molecule described herein and optionally, a pharmaceutically acceptable carrier. In one
embodiment, the pharmaceutically acceptable carrier can comprise or be chosen from a liposome, a high-molecular
polymer, and a polypeptide. In one embodiment, the composition of the present invention contains 1 nM to 150 nM, e.g.,
1 nM to 100 nM, such as 1 nM to 50 nM, e.g., 10 nM, 20 nM, 30 nM, 40 nM, 50 nM, 60 nM, 70 nM, 80 nM, 90 nM, 100
nM, 110 nM, 120 nM, 130 nM, 140 nM or 150 nM of small activating nucleic acid molecule of the present invention. In
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another embodiment, the composition of the present invention can further comprise other compounds, such as a low-
molecular-weight compound for tumor treatment. In one embodiment, the low-molecular-weight compound for tumor
treatment can comprise multi-target anti-tumor drugs (e.g., Sorafenib (targets: PDGFR, KIT and RAF) (SELLECK,
S1040)), tyrosine kinase inhibitors (e.g., Lenvatinib (targets: FGFR, VEGFR2, PDGFR and KIT) (SELLECK, S1164)),
kinase inhibitors (e.g., Regorafenib (targets: FGFR, VEGFR2, PDGFR, KIT and RAF) (SELLECK, S1178)), or Cabozantini
(inhibiting MET, VEGFR2 and RET signal transduction) (SELLECK, S1119).
[0027] In another aspect of the present invention, a kit is provided, which comprises the aforementioned small activating
nucleic acid molecule, the nucleic acid coding the small activating nucleic acid molecule described herein, the cell
comprising the small activating nucleic acid molecule of the present invention or the nucleic acid coding the small
activating nucleic acid molecule of the present invention, or the composition comprising the small activating nucleic acid
molecule of the present invention.
[0028] Another aspect of the present invention relates to a use of the small activating nucleic acid molecule of the
present invention, the nucleic acid coding the small activating nucleic acid molecule of the present invention, the cell
comprising the small activating nucleic acid molecule of the present invention and the nucleic acid coding the small
activating nucleic acid molecule of the present invention or the composition comprising the small activating nucleic acid
molecule of the present invention in preparing a drug or formulation for activating/up-regulating the expression of LHPP
gene in a cell.
[0029] Another aspect of the present invention also relates to a method for activating/up-regulating the expression of
LHPP gene in a cell. The method comprises administering the small activating nucleic acid molecule of the present
invention, the nucleic acid coding the small activating nucleic acid molecule of the present invention or the composition
comprising the small activating nucleic acid molecule of the present invention to the cell.
[0030] The small activating nucleic acid molecule of the present invention can be directly introduced into a cell or it
can be produced in the cell after a nucleotide sequence coding the small activating nucleic acid molecule of the present
invention is introduced into the cell. The cell is preferably a mammalian cell, more preferably a human cell. The afore-
mentioned cell can be in vitro, such as a cell line or a cell strain, or can be present in a mammalian body, such as a
human body. The human body can be a patient suffering from a disease or condition related to insufficient or decreased
expression of LHPP protein. The small activating nucleic acid molecule of the present invention can be administered at
a sufficient dose to treat the disease or condition related to a deficiency in the amount of LHPP protein or insufficient or
decreased expression of LHPP protein. Specifically, the disease or condition related to a deficiency in the amount of
LHPP protein or insufficient or decreased expression of LHPP protein can comprise, for example, tumors, e.g., solid
tumors, and the solid tumors can comprise, for example, liver cancer, lung cancer, bladder cancer, prostatic cancer,
glioma, etc.
[0031] Another aspect of the present invention provides an isolated small activating nucleic acid molecule targeting
site of an LHPP gene, which has any sequence of 16 to 35 continuous nucleotides in the promoter region of the LHPP
gene, and preferably, the acting site comprises or is chosen from any sequence of 16 to 35 continuous nucleotides in
any of the sequences set forth in SEQ ID NOs: 500-504. Specifically, the targeting site can comprise or be chosen from
any nucleotide sequence set forth in SEQ ID NOs: 329-492.
[0032] Another aspect of the present invention relates to a method for treating a disease or condition related to
insufficient or decreased expression of LHPP protein in a subject, which comprises administering the small activating
nucleic acid molecule of the present invention, the nucleic acid coding the small activating nucleic acid molecule of the
present invention, the cell comprising the small activating nucleic acid molecule of the present invention or the nucleic
acid coding the small activating nucleic acid molecule of the present invention or the composition comprising the small
activating nucleic acid molecule of the present invention at a therapeutically effective amount to the subject. In one
embodiment, the method for treating a disease or condition related to insufficient or decreased expression of LHPP
protein in a subject in the present invention comprises administering the small activating nucleic acid molecule of the
present invention, the nucleic acid coding the small activating nucleic acid molecule of the present invention, the cell
comprising the small activating nucleic acid molecule of the present invention or the nucleic acid coding the small
activating nucleic acid molecule of the present invention or the composition comprising the small activating nucleic acid
molecule of the present invention and a low-molecular-weight compound, antibody, polypeptide or protein at therapeu-
tically effective amounts to the subject. The subject may be a mammal, such as a human. In one embodiment, the
disease or condition related to insufficient or decreased expression of LHPP protein may comprise, for example, tumors,
e.g., solid tumors, and the solid tumors may comprise, for example, liver cancer, lung cancer, bladder cancer, prostatic
cancer, glioma, etc.
[0033] Another aspect of the present invention relates to a use of the small activating nucleic acid molecule of the
present invention, the nucleic acid coding the small activating nucleic acid molecule of the present invention, the cell
comprising the small activating nucleic acid molecule of the present invention or the nucleic acid coding the small
activating nucleic acid molecule of the present invention or the composition comprising the small activating nucleic acid
molecule of the present invention in preparing a drug for treating a disease or condition related to insufficient or decreased
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expression of LHPP protein. The subject may be a mammal, such as a human. In one embodiment, the disease related
to insufficient or decreased expression of LHPP protein may comprise, for example, tumors, e.g., solid tumors, and the
solid tumors may comprise, for example, liver cancer, lung cancer, bladder cancer, prostatic cancer, glioma, etc.
[0034] In one embodiment, provided is a use of the small activating nucleic acid molecule of the present invention,
the nucleic acid coding the small activating nucleic acid molecule of the present invention, the cell comprising the small
activating nucleic acid molecule of the present invention or the nucleic acid coding the small activating nucleic acid
molecule of the present invention or the composition comprising the small activating nucleic acid molecule of the present
invention in preparing a drug for treating tumors, such as solid tumors, wherein the solid tumors can comprise, for
example, liver cancer, lung cancer, bladder cancer, prostatic cancer, glioma, etc.
[0035] Another aspect of the present invention relates to a use of the small activating nucleic acid molecule of the
present invention, the nucleic acid coding the small activating nucleic acid molecule of the present invention, the cell
comprising the small activating nucleic acid molecule of the present invention or the nucleic acid coding the small
activating nucleic acid molecule of the present invention or the composition comprising the small activating nucleic acid
molecule of the present invention and a chemotherapeutic agent, radiotherapy, cell therapy, micromolecule, polypeptide,
protein, antibody or other anti-tumor drugs in preparing a drug or pharmaceutical composition for treating a disease or
condition related to insufficient or decreased expression of LHPP protein.
[0036] In one embodiment, provided is a use of the small activating nucleic acid molecule of the present invention,
the nucleic acid coding the small activating nucleic acid molecule of the present invention, the cell comprising the small
activating nucleic acid molecule of the present invention or the nucleic acid coding the small activating nucleic acid
molecule of the present invention or the composition comprising the small activating nucleic acid molecule of the present
invention and a chemotherapeutic agent, radiotherapy, cell therapy, micromolecule, polypeptide, protein, antibody or
other anti-tumor drugs in preparing a drug or pharmaceutical composition for treating tumors, such as solid tumors,
wherein the solid tumors can comprise, for example, liver cancer, lung cancer, bladder cancer, prostatic cancer, glioma,
etc. In one embodiment, the chemotherapeutic agent comprises or is chosen from Sorafenib, Lenvatinib, Regorafenib
and Cabozantinib.
[0037] Further embodiments include methods and uses of the small activating nucleic acid molecule of the present
invention in combination with a chemotherapeutic agent, radiotherapy, cell therapy, micromolecule, polypeptide, protein,
antibody, or other anti-tumor drugs, and the chemotherapeutic agent is preferably selected from Sorafenib, Lenvatinib,
Regorafenib and Cabozantinib.

Advantages of the Present Invention

[0038] The small activating nucleic acid molecule capable of activating/up-regulating the expression of LHPP gene
provided by the present invention can permanently activate LHPP gene, therefore efficiently and specifically up-regulating
or restoring the expression of LHPP gene and protein while featuring lower toxic and side effects, and it can be used in
preparing a drug or formulation for a disease or symptom related to insufficient or decreased expression of LHPP protein.
Moreover, the activating saRNA of LHPP shows a good synergistic effect when used in combination with other anti-
tumor drugs, reflecting a synergistic effect in terms of anti-tumor effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

FIG. 1 is a schematic of LHPP gene. The drawing shows the LHPP gene structure and a 1 kb promoter region used
for designing the saRNA, in which a 449 bp Alu repeat sequence is excluded.
FIG. 2 shows changes in the expression levels of LHPP mRNA mediated by saRNA. 290 LHPP promoter-targeting
saRNAs were individually transfected into Huh7 cells, and 72 hours later, the expression level of LHPP mRNA was
analyzed by one-step RT-qPCR. The drawing shows changes in the expression level of LHPP caused by each
saRNA relative to a control treatment (control, mock) ordered by the target positions of the saRNA in the promoter
region from -917 to -28.
FIG. 3 shows saRNA hot spot regions inLHPP promoter. 290 LHPP saRNAs promoter-targeting saRNAs were
individually transfected into Huh7 cells, and 72 hours later, the expression level of LHPP mRNA was analyzed by
one-step RT-qPCR. The drawing shows changes in the expression level of LHPP mRNA caused by each saRNA
relative to a control treatment (control, mock) ordered by the target positions of the saRNA in the promoter region
from -917 to -28 . The numbers above or below indicate the boundaries of the hot spot regions (relative to the LHPP
transcription start site (TSS)).
FIG. 4 shows a negative correlation between expression levels of LHPP mRNA and cell viability. 290 LHPP promoter-
targeting saRNAs were individually transfected into Huh7 cells, and 72 hours later, one-step RT-qPCR was employed
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to analyze the expression level of LHPP mRNA and cell viability was detected by the CCK-8 method. The thin line
represents relative LHPP mRNA expression level (log2), and the thick line represents cell viability.
FIG. 5 shows saRNAs inducing the expression of LHPP and inhibiting AKT phosphorylation. 10 LHPP promoter-
targeting saRNAs were individually transfected into Huh7 cells and were analyzed 72 hours later. In FIG. 5A, the
expression levels of LHPP mRNA was analyzed by RT-qPCR. (In FIG.5B, the protein levels of LHPP, pAKT and
AKT were detected by a Western blot method.
FIG. 6 shows saRNAs inducingthe mRNA expression of LHPP and inhibiting the proliferation of liver cancer cells.
8 LHPP promoter-targeting saRNAs were individually transfected into liver cancer cells at 10 nM for 72 h. In FIG.
6A, the expression level of LHPP mRNA was analyzed by RT-qPCR. In FIG. 6B, cell viability in the saRNA treatment
group was evaluated by the CCK-8 method and recorded as a percentage relative to the viability of cells in a control
(Mock) treatment group.
FIG. 7 shows saRNAs inducing the expression levels of LHPP mRNA and inhibiting the proliferation of several other
cancer cells. 8 LHPP promoter-targeting saRNAs were individually transfected into cancer cells at 10 nM for 72 h.
In FIG. 7A, the expression level of LHPP mRNA was analyzed by RT-qPCR. In FIG. 7B, cell viability in the saRNA
treatment group was evaluated by the CCK-8 method and recorded as a percentage relative to the viability of cells
in a control (Mock) treatment group.
FIG. 8 shows saRNA inhibiting the proliferation of HepG2 cells in combination with chemical drugs. The saRNAs
were transfected into cancer cells at different concentrations in combination with a panel of chemical drugs. In FIG.
8A, cell viability in the saRNA treatment group was evaluated by the CCK-8 method and recorded as a percentage
relative to the viability of cells in a control (Mock) treatment group. In FIG. 8B, Compusyn© version 1.0 software was
used to draw a combination index graphs; and to calculate combination index values as shown in FIG. 8C.
FIG. 9 shows saRNA inhibiting the proliferation of U87MG cells in combination with chemical drugs. The sRNAs
were transfected into cancer cells at different concentrations in combination with different chemical drugs. In FIG.
9A, cell viability in the saRNA treatment group was evaluated by the CCK-8 method and recorded as a percentage
relative to the viability of cells in a control (Mock) treatment group. In FIG. 9B, Compusyn© version 1.0 software was
used to draw a combination index graphs; and to calculate combination index values as shown in FIG. 9C.
FIG. 10 shows saRNA inhibiting the growth of a HepG2 transplanted tumor in combination with a chemical drug.
The small activating RNA shown was injected into a tumor at a dose of 1 mg/kg in combination with a chemical
drug. The volume change of the transplanted tumor was recorded during administration.
FIG. 11 shows saRNA inhibiting the growth of a U87MG transplanted tumor in combination with a chemical drug.
The saRNA was injected into a tumor at a dose of 1 mg/kg in combination with a chemical drug, and the volume
change of the transplanted tumor was recorded during administration.

DETAILED DESCRIPTION

[0040] In the present invention, the related terms are defined as follows:
The term "complementarity" as used herein refers to the capability of forming base pairs between two oligonucleotide
strands. The base pairs are generally formed through hydrogen bonds between nucleotides in the antiparallel oligonu-
cleotide strands. The bases of the complementary oligonucleotide strands can be paired in the Watson-Crick manner
(such as A to T, A to U, and C to G) or in any other manner allowing the formation of a duplex (such as Hoogsteen or
reverse Hoogsteen base pairing).
[0041] Complementarity includes complete complementarity and incomplete complementarity. "Complete comple-
mentarity" or "100% complementarity" means that each nucleotide from the first oligonucleotide strand can form a
hydrogen bond with a nucleotide at a corresponding position in the second oligonucleotide strand in the double-stranded
region of the double-stranded oligonucleotide molecule without "mispairing". "Incomplete complementarity" means that
not all the nucleotide units of the two strands are bonded with each other by hydrogen bonds. For example, for two
oligonucleotide strands each of 20 nucleotides in length in the double-stranded region, if only two base pairs in this
double-stranded region can be formed through hydrogen bonds, the oligonucleotide strands have a complementarity of
10%. In the same example, if 18 base pairs in this double-stranded region can be formed through hydrogen bonds, the
oligonucleotide strands have a complementarity of 90%. Substantial complementarity refers to at least about 75%, about
79%, about 80%, about 85%, about 90%, about 95%, about 99% or about 100% complementarity.
[0042] The term "oligonucleotide" as used herein refers to polymers of nucleotides, and includes, but is not limited to,
single-stranded or double-stranded molecules of DNA, RNA, or DNA/RNA hybrid, oligonucleotide strands containing
regularly and irregularly alternating deoxyribosyl portions and ribosyl portions, as well as modified and naturally or
unnaturally existing frameworks for such oligonucleotides. The oligonucleotide for activating target gene transcription
described herein is a small activating nucleic acid molecule.
[0043] The terms "oligonucleotide strand" and "oligonucleotide sequence" as used herein can be used interchangeably,
referring to a generic term for short nucleotide sequences having less than 35 bases (including nucleotides in deoxyri-
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bonucleic acid (DNA) or ribonucleic acid (RNA)). In the present invention, an oligonucleotide strand can have any of 16
to 35 nucleotides in length.
[0044] As used herein, the term "first nucleic acid strand" can be a sense strand or an antisense strand. The sense
strand of a small activating RNA refers to a nucleic acid strand contained in a small activating RNA duplex which has
identity to the coding strand of the promoter DNA sequence of a target gene, and the antisense strand refers to a nucleic
acid strand in the small activating RNA duplex which is complementary with the sense strand.
[0045] As used herein, the term "second nucleic acid strand" can also be a sense strand or an antisense strand. If the
first oligonucleotide strand is a sense strand, the second oligonucleotide strand is an antisense strand; and if the first
oligonucleotide strand is an antisense strand, the second oligonucleotide strand is a sense strand.
[0046] The term "gene" as used herein refers to all nucleotide sequences required to encode a polypeptide chain or
to transcribe a functional RNA. "Gene" can be an endogenous or fully or partially recombinant gene for a host cell (for
example, because an exogenous oligonucleotide and a coding sequence for encoding a promoter are introduced into
a host cell, or a heterogeneous promoter adjacent to an endogenous coding sequence is introduced into a host cell).
For example, the term "gene" comprises a nucleic acid sequence consisting of exons and introns. Protein-coding se-
quences are, for example, sequences contained within exons in an open reading frame between an initiation codon and
a termination codon, and as used herein, "gene" can comprise such as a gene regulatory sequence, such as a promoter,
an enhancer, and all other sequences known in the art for controlling the transcription, expression or activity of another
gene, no matter whether the gene comprises a coding sequence or a non-coding sequence. In one case, for example,
"gene" can be used to describe a functional nucleic acid comprising a regulatory sequence such as a promoter or an
enhancer. The expression of a recombinant gene can be controlled by one or more types of heterogeneous regulatory
sequences.
[0047] The term "target gene" as used herein can refer to nucleic acid sequences naturally present in organisms,
transgenes, viral or bacterial sequences, can be chromosomes or extrachromosomal genes, and/or can be transiently
or stably transfected or incorporated into cells and/or chromatins thereof. The target gene can be a protein-coding gene
or a non-protein-coding gene (such as a microRNA gene and a long non-coding RNA gene). The target gene generally
contains a promoter sequence, and the positive regulation for the target gene can be achieved by designing a small
activating nucleic acid molecule having sequence identity (also called homology) to the promoter sequence, characterized
as the up-regulation of expression of the target gene. "Sequence of a target gene promoter" refers to a non-coding
sequence of the target gene, and the reference of the sequence of a target gene promoter in the phrase "complementary
with the sequence of a target gene promoter" of the present invention refers to a coding strand of the sequence, also
known as a non-template strand, i.e., a nucleic acid sequence having the same sequence as the coding sequence of
the gene. "Target" or "target sequence" refers to a sequence fragment in the sequence of a target gene promoter which
is homologous or complementary with a sense oligonucleotide strand or an antisense oligonucleotide strand of a small
activating nucleic acid molecule.
[0048] As used herein, the terms "sense strand" and "sense nucleic acid strand" can be used interchangeably, and
the sense oligonucleotide strand of a small activating nucleic acid molecule refers to the first nucleic acid strand having
sequence identity to the coding strand of the sequence of a target gene promoter in the small activating nucleic acid
molecule duplex.
[0049] As used herein, the terms "antisense strand" and "antisense nucleic acid strand" can be used interchangeably,
and the antisense oligonucleotide strand of a small activating nucleic acid molecule refers to the second nucleic acid
strand which is complementary with the sense oligonucleotide strand in the small activating nucleic acid molecule duplex.
[0050] The term "coding strand" as used herein refers to a DNA strand in the target gene which cannot be used for
transcription, and the nucleotide sequence of this strand is the same as that of a RNA produced from transcription (in
the RNA, T in DNA is replaced by U). The coding strand of the double-stranded DNA sequence of the target gene
promoter described herein refers to a promoter sequence on the same DNA strand as the DNA coding strand of the
target gene.
[0051] The term "template strand" as used herein refers to the other strand complementary with the coding strand in
the double-stranded DNA of the target gene, i.e., the strand that, as a template, can be transcribed into RNA, and this
strand is complementary with the transcribed RNA (A to U and G to C). In the process of transcription, RNA polymerase
binds to the template strand, moves along the 3’→5’ direction of the template strand, and catalyzes the synthesis of the
RNA along the 5’→3’ direction. The template strand of the double-stranded DNA sequence of the target gene promoter
described herein refers to a promoter sequence on the same DNA strand as the DNA template strand of the target gene.
[0052] The term "promoter" as used herein refers to a sequence which plays a regulatory role for the transcription of
a protein-coding or RNA-coding nucleic acid sequence by spacially associating with the coding sequence. Generally, a
eukaryotic gene promoter contains 100 to 5000 base pairs, although this length range is not intended to limit the term
"promoter" as used herein. Although the promoter sequence is generally located at the 5’ terminus of a protein-coding
or RNA-coding sequence, it can also exist in exon and intron sequences.
[0053] The term "transcription start site" as used herein refers to a nucleotide marking the transcription start on the



EP 3 919 618 A1

9

5

10

15

20

25

30

35

40

45

50

55

template strand of a gene. The transcription start site can appear on the template strand of the promoter region. A gene
can have more than one transcription start site.
[0054] The term "identity" or "homology" as used herein means that one oligonucleotide strand (sense or antisense
strand) of an small activating RNA has sequence similarity with a coding strand or a template strand in a region of the
promoter sequence of a target gene. As used herein, the "identity" or "homology" can be at least about 75%, about 79%,
about 80%, about 85%, about 90%, about 95%, about 99% or about 100%.
[0055] The term "overhang" as used herein refers to non-base-paired nucleotides at the terminus (5’ or 3’) of an
oligonucleotide strand, which is formed by one strand extending out of the other strand in a double-stranded oligonu-
cleotide. A single-stranded region extending out of the 3’ terminus and/or 5’ terminus of a duplex is referred to as an
overhang.
[0056] As used herein, the terms "gene activation", "activating gene expression", "gene up-regulation" and "up-regu-
lating gene expression" can be used interchangeably, and mean an increase in transcription, translation, expression or
activity of a certain nucleic acid as determined by measuring the transcriptional level, mRNA level, protein level, enzymatic
activity, methylation state, chromatin state or configuration, translation level or the activity or state in a cell or biological
system of a gene. These activities or states can be determined directly or indirectly. In addition, "gene activation",
"activating gene expression", "gene up-regulation" or "up-regulating gene expression" refers to an increase in activity
associated with a nucleic acid sequence, regardless of the mechanism of such activation. For example, the nucleic acid
sequence plays a regulatory role as a regulatory sequence, the nucleic acid sequence is transcribed into RNA and the
RNA is translated into a protein, thereby increasing the expression of the protein.
[0057] As used herein, the terms "small activating RNA", "saRNA", and "small activating nucleic acid molecule" can
be used interchangeably, and refer to a nucleic acid molecule that can upregulate target gene expression and can be
composed of the first nucleic acid fragment (antisense nucleic acid strand, also referred to as antisense oligonucleotide
strand) containing a nucleotide sequence having sequence identity or homology with the non-coding nucleic acid se-
quence (e.g., a promoter and an enhancer) of a target gene and a second nucleic acid fragment (sense nucleic acid
strand, also referred to as sense oligonucleotide strand) containing a nucleotide sequence complementary with the first
nucleic acid fragment, wherein the first nucleic acid fragment and the second nucleic acid fragment form a duplex. The
small activating nucleic acid molecule can also be composed of a synthesized or vector-expressed single-stranded RNA
molecule that can form a hairpin structure by two complementary regions within the molecule, wherein the first region
comprises a nucleotide sequence having sequence identity to the target sequence of a promoter of a gene, and the
second region comprises a nucleotide sequence which is complementary with the first region. The length of the duplex
region of the small activating nucleic acid molecule is typically about 10 to about 50, about 12 to about 48, about 14 to
about 46, about 16 to about 44, about 18 to about 42, about 20 to about 40, about 22 to about 38, about 24 to about 36,
about 26 to about 34, and about 28 to about 32 base pairs, and typically about 10, about 15, about 20, about 25, about
30, about 35, about 40, about 45, or about 50 base pairs. In addition, the terms "saRNA", "small activating RNA", and
"small activating nucleic acid molecule" also comprise nucleic acids other than the ribonucleotide, including, but not
limited to, modified nucleotides or analogues.
[0058] As used herein, the term "hot spot" refers to a promoter region of at least 30 bp in length of a target gene,
wherein targets of functional small activating nucleic acid molecules are enriched, i.e., at least 30% of the small activating
nucleic acid molecules designed to target this region can induce a 1.2-fold or more change in the mRNA expression of
the target gene.
[0059] As used herein, the term "synthesis" refers to a method for synthesis of an oligonucleotide, including any method
allowing RNA synthesis, such as chemical synthesis, in vitro transcription, and/or vector-based expression.
[0060] According to the present invention, the expression of LHPP gene is up-regulated by RNA activation, and a
related disease (particularly hepatocellular carcinoma) is treated by increasing the expression of full-length LHPP protein.
The LHPP gene in the present invention is sometimes also called a target gene.
[0061] The method for preparing the small activating nucleic acid molecule provided by the present invention comprises
sequence design and synthesis.
[0062] Small activating nucleic acid molecules of the present invention can be chemically synthesized or can be
obtained from a biotechnology company specialized in nucleic acid synthesis.
[0063] Generally speaking, chemical synthesis of nucleic acids comprises the following four steps: (1) synthesis of
oligomeric ribonucleotides; (2) deprotection; (3) purification and isolation; and (4) desalination and annealing.
[0064] For example, the specific steps for chemically synthesizing saRNAs described herein are as follows:

(1) Synthesis of oligomeric ribonucleotides

[0065] Synthesis of 1 mM RNA was set in an automatic DNA/RNA synthesizer (e.g., Applied Biosystems
EXPEDITE8909), and the coupling time of each cycle was set as 10 to 15 min. With a solid phase-bonded 5’-O-p-
dimethoxytriphenylmethyl-thymidine substrate as an initiator, one base was bonded to the solid phase substrate in the
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first cycle, and then, in the nth (19 ≥ n ≥ 2) cycle, one base was bonded to the base bonded in the n-1th cycle. This
process was repeated until the synthesis of the whole nucleic acid sequence was completed.

(2) Deprotection

[0066] The solid phase substrate bonded with the saRNA was put into a test tube, and 1 mL of a mixed solution of
ethanol and ammonium hydroxide (volume ratio: 1:3) was added to the test tube. The test tube was then sealed and
placed in an incubator, and the mixture was incubated at 25-70 °C for 2 to 30 h. The solution containing the solid phase
substrate bonded with the saRNA was filtered, and the filtrate was collected. The solid phase substrate was rinsed with
double distilled water twice (1 mL each time), and the filtrate was collected. The collected eluent was combined and
dried under vacuum for 1 to 12 h. Then the solution was added with 1 mL of a solution of tetrabutylammonium fluoride
in tetrahydrofuran (1 M), let stand at room temperature for 4 to 12 h, followed by addition of 2 mL of n-butanol. Precipitate
was collected to give a single-stranded crude product of saRNA by high-speed centrifugation.

(3) Purification and isolation

[0067] The resulting crude product of saRNA was dissolved in 2 mL of triethylamine acetate solution with a concentration
of 1 mol/L, and the solution was separated by a reversed-phase C18 column of high pressure liquid chromatography to
give a purified single-stranded product of saRNA.

(4) Desalination and annealing

[0068] Salts were removed by gel filtration (size exclusion chromatography). A single sense oligomeric ribonucleic
acid strand and a single antisense oligomeric ribonucleic acid strand were mixed in a 1 to 2 mL of buffer (10 mM Tris,
pH 7.5-8.0, 50 mM NaCl) at a molar ratio of 1:1. The solution was heated to 95 °C, and was then slowly cooled to room
temperature to give a solution containing saRNA.
[0069] It was discovered in this study that after being introduced into a cell, the aforementioned saRNA could effectively
increase the mRNA and protein expression of full-length LHPP.
[0070] The present invention will be further illustrated with reference to specific examples and drawings below. It
should be understood that these examples are merely intended to illustrate the present invention rather than limit the
scope of the present invention. In the following examples, study methods without specific conditions were generally in
accordance with conventional conditions, such as conditions described in Sambrook, et al., Molecular Cloning: A Lab-
oratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989), or conditions recommended by the manufacturer.

EXAMPLES

Example 1

Design and Synthesis of Small Activating Nucleic Acid Molecule Targeting LHPP Promoter

[0071] Using a 1 kb sequence (SEQ ID No: 493) encompassing -1 kb to -1 bp, but excluding an Alu repeat sequence
from -647 bp to -198 bp, in the LHPP promoter region, as a target sequence(FIG. 1)), a series of 19-nt saRNA target
sequences were selected, moving 1 bp each time, and a total of 453 saRNA target sequences were obtained. The target
sequences were filtered to keep those which met the following criteria: (1) having GC content between 35% and 65%;
(2) with less than 5 consecutive identical nucleotides; (3) with 2 or less dinucleotide repeats; and (4) with 2 or less
trinucleotide repeat sequences. After filtration, 290 target sequences remained.
[0072] Each of the sense strand and antisense strand in the double-stranded small activating RNA (saRNA) used in
the study had 21 nucleotides in length. The 19 nucleotides in the 5’ region of the first nucleic acid strand (sense strand)
of the double-stranded saRNA had 100% sequence identity to the target sequence of the promoter, and the 3’ terminus
of the first nucleic acid strand contained a TT sequence. The 19 nucleotides in the 5’ region of the second nucleic acid
strand were fully complementary with the first ribonucleic acid strand sequence, and the 3’ terminus of the second nucleic
acid strand contained a TT sequence. The aforementioned two strands of the double-stranded saRNA were mixed at a
molar ratio of 1:1, and after annealed to obtain a duplex saRNA.
[0073] The sequence of the LHPP promoter is shown as follows, which corresponds to position 1 to position 1000
from 5’ to 3’ of SEQ ID NO:493:

- 1000 ttgaacccca taacatttca acgaattcct catcctttct gtgaatcaag
- 950 agcctgaaaa gaaatggtga aataatatga tcctctcttc tttgaaagct
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- 900 caaagctatg ttggaccaga agtaaagtgt tctcgtttct atttaataac
- 850 ttgaaaggtt ccgaggggcc attgaggaaa ctcctccctt ttaatatcaa
- 800 tgtgtattta ttgcaaaaat aatgtagcat cgagtggtat tttatagctt
- 750 atccaaaaac ctcctgggtt taacgcattg tgatagtccc gttttcttct
- 700 cagcccaggt cctatgcatc ctcatctatg cagggctgtt atctgcatat
- 650 aatttttttt ttttttaaga caaagtcttg ctctgtcgcc ccggctggag
- 600 tgcagtggtg caatctcggc tcactgcaac ctccgcctcc caggttcaag
- 550 cggttcttcc gcctcagcct accgagtagc tgggactaca ggcatgcgcc
- 500 accacaccta ggtgattttt gtatttttag tagagacagg ggtttcacca
- 450 tgttgaccag gctggtctcg aactcctgat ctcaagcgat ccacccgcct
- 400 cagcctccca aagtgctggg attacaggca taagccacta cgcccggcct
- 350 caattttgta ttgtactttt tctttctttc tttaatagag acagggtctc
- 300 actatgttga ctaggttggt ctagaactcc tgggcacaag ctgtccgccc
- 250 gcttctgcct cccaaagtgc tgggattgca ggcgtgaacc accgcccctg
- 200 gctacaggtg ccttcttgtc tcaatttgcc tttgaccttt cttagggact
- 150 tgttttctgc ttttcctgct ctttgtccgc tgatctcctg ggaagaaagc
- 100 ttccgaaaag gacaccgttt caggggcgag tgacgccggg gtgcccaggc
- 50 cgcgccccag ttccgggttt gcacccggtc ttcttgccct gccccgcccg

Example 2

High-throughput Screening of saRNAs Targeting LHPP Promoter Region

1. Cell culture and transfection

[0074] Human liver cancer cell line Huh7 was cultured in DMEM medium (Gibco), containing 10% of calf serum (Sigma-
Aldrich) and 1% of penicillin/streptomycin (Gibco). The cells were cultured at 5% CO2 and 37°C. According to the
instructions provided by the manufacturer, RNAiMax (Invitrogen, Carlsbad, CA) was used to transfect small activating
RNAs at a concentration of 10 nM (unless otherwise specified).

2. One-step RT-qPCR

[0075] At the end of transfection, the media were discarded, and each well was washed with 150 mL of PBS once.
After discarding the PBS, 50 mL of cell lysis buffer (Takara) was added to each well and incubated at room temperature
for 5 min. 1 mL of the resulted cell lysis was taken from each well and analyzed by qPCR on an ABI 7500 fast real-time
PCR system (Applied Biosystems) using a one-step TB Green™ PrimeScrip™ RT-PCR kit II (Takara, RR086A) Each
transfection sample was repeatedly amplified in 3 replicate wells. PCR reaction conditions are shown in Table 1 below.

[0076] Reaction conditions were as follows: reverse transcription reaction (stage 1): 5 min at 42 °C, 10 s at 95 °C;
PCR reaction (stage 2): 5 s at 95 °C, 20 s at 60 °C, 45 cycles of amplification. HPRT1 and TBP were used as internal
reference genes. PCR primers used for amplifying LHPP, HPRT1 and TBP genes are shown in Table 2, wherein LHPP
was amplified using the LHPP F1/R1 primer pair.

Table 1. PCR reaction preparation

Reagen Volume/Reaction

2 3 One-step TB Green RT-PCR buffer 4 2.5 mL

PrimeScript 1 step enzyme mixture 2 0.2 mL

Mixture of forward and reverse primers (5 mM) 0.4 mL

No RNase dH2O 1.4 mL

Crude lysate (RNA) 0.5 mL

Sum 5 mL
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[0077] To calculate the relative expression level (Erel) of LHPP (target gene) in an saRNA-transfected sample relative
to control treatment (Mock), the Ct values of the target gene and the two internal reference genes were substituted into
formula 1 

 wherein CtTm was the Ct value of the target gene from the control (Mock) sample; CtTs was the Ct value of the target
gene from the saRNA-treated sample; CtRlm was the Ct value of the internal reference gene 1 from the control (Mock)
sample; CtR1s was the Ct value of the internal reference gene 1 from the saRNA-treated sample; CtR2m was the Ct
value of the internal reference gene 2 from the control (Mock) sample; and CtR2s was the Ct value of the internal
reference gene 2 from the saRNA-treated sample.

3. Screening of functional saRNAs

[0078] In order to obtain saRNAs capable of activating LHPP transcription, Huh7 cells were transfected with each of
the aforementioned 290 saRNAs with a transfection concentration of 10 nM, and 72 hours later, according to the same
method as described above, the cells were lysed and analyzed by one-step RT-qPCR to obtain the relative (compared
with the control (Mock)) expression level of LHPP gene for each saRNA-treated sample. As shown in Table 3, 164
(56.6%) and 37 (12.8%) saRNAs exhibited activating and inhibiting activities, respectively, and 89 (30.7%) saRNAs had
no effect on the expression of LHPP. The observed maximum activation and maximum inhibition is 3.46 fold and 0.49
fold, respectively. saRNAs with activating activity are referred to as activating saRNAs, and the saRNAs with inhibiting
activity are referred to as inhibiting saRNAs.

[0079] FIG. 2 further shows the distribution of the activities of the LHPP saRNAs sorted from high activation to high
inhibition.

Table 2. Primer sequences for RT-qPCR analysis

Primer Sequence No. Sequence (5’-3’)

LHPP F1 SEQ ID NO:494 AAGGCGCTTGAGTATGCCTG

LHPP R1 SEQ ID NO:495 GTGGGCTTCCACTCCTATCG

LPRT1 F SEQ ID NO:496 ATGGACAGGACTGAACGTCTT

LPRT1 R SEQ ID NO:497 TCCAGCAGGTCAGCAAAGAA

TBPF SEQ ID NO:498 ATAATCCCAAGCGGTTTGCT

TBP R SEQ ID NO:499 CTGCCAGTCTGGACTGTTCT

Table 3. High-throughput screening results of LHPP

saRNA activity log2 value of change in LHPP (fold) Number of saRNAs Percentage

High activation ≥  0.49 (1.50) ~ ≤  1.79 (3.46) 30 10.3

Moderate activation ≥  0.26 (1.20) ~ < 0.49 (1.50) 81 27.9

Mild activation ≥  0.13 (1.10) ~ < 0.26 (1.20) 53 18.3

No effect < 0.13 (1.10) ~ > -0.13 (0.91) 89 30.7

Mild inhibition ≤ -0.13 (0.91) ~ > -0.26 (0.84) 18 6.2

Moderate inhibition ≤ -0.26 (0.84) ~ > -0.49 (0.71) 14 4.8

High inhibition ≤ -0.49 (0.71) ~ ≥  -0.73 (0.49) 5 1.7

Total 290 100
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[0080] When the 290 saRNAs were sorted by their targeting positions on the LHPP promoter, it can be clearly seen
that the functional saRNAs were distributed across the promoter region in a cluster fashion, i.e., at certain promoter
regions, there were "hot spots" where functional sRNAs were enriched (FIG. 3). As shown in FIG. 3, there are five hot
spots highly enriched for activating saRNAs in the region (H1) from -917 to -844, the region (H2) from -710 to - 675, the
region (H3) from -198 to -168, the region (H4) from -151 to -28, and the region (H5) from -845 to -711 of the promoter.
This study result indicates that the activating saRNAs are not randomly distributed on the promoter, but instead they
are enriched in the specific hot spot regions.
[0081] The sequence of the hot spot H1 (5’ to 3’: -917 to -844) corresponds to position 1 to position 74 from 5’ to 3’
of SEQ ID NO: 500:
tctcttc tttgaaagct caaagctatg ttggaccaga agtaaagtgt tctcgtttct atttaataac ttgaaag
[0082] The sequence of the hot spot H2 (5’ to 3’: -710 to -675) corresponds to position 1 to position 36 from 5’ to 3’
of SEQ ID NO: 501:
gttttcttct cagcccaggt cctatgcatc ctcatc
[0083] The sequence of the hot spot H3 (5’ to 3’: -198 to -168) corresponds to position 1 to position 31 from 5’ to 3’
of SEQ ID NO: 502:
tacaggtg ccttcttgtc tcaatttgcc ttt
[0084] The sequence of the hot spot H4 (5’ to 3’: -151 to -28) corresponds to position 1 to position 124 from 5’ to 3’
of SEQ ID NO: 503:
t tgttttctgc ttttcctgct ctttgtccgc tgatctcctg ggaagaaagc ttccgaaaag gacaccgttt caggggcgag tgacgccggg gtgcccaggc
cgcgccccag ttccgggttt gca
[0085] The sequence of the hot spot HC (5’ to 3’: -845 to -711) corresponds to position 1 to position 135 from 5’ to 3’
of SEQ ID NO: 504:
aggtt ccgaggggcc attgaggaaa ctcctccctt ttaatatcaa tgtgtattta ttgcaaaaat aatgtagcat cgagtggtat tttatagctt atccaaaaac
ctcctgggtt taacgcattg tgatagtccc.

Example 3

saRNAs Promoted LHPP mRNA Expression and Inhibited Tumor Cell Proliferation

[0086] The 290 saRNAs targeting the LHPP promoter were individually transfected into Huh7 cells, and 72 hour later,
one-step RT-qPCR was employed to analyze the expression levels of LHPP mRNA and cell viability was detected by
the CCK-8 method. As shown in FIG. 4, cell viability decreased when the activating saRNAs promoted the LHPP mRNA
expression, and there was a negative correlation between the LHPP mRNA expression level and the cell viability.
[0087] The cell viability was detected by the following CCK-8 method: the cCells were plated into a 96-well plate at
3-5 3 103 cells/well, cultured overnight, and transfected with the oligonucleotide duplexes. After 72 hour of transfection,
10 uL of CCK-8 solution (Dojindo Molecular Technologies) was added into each well. After 1 hour of incubation at 37°C,
a microplate reader was used to measure absorbances at 450 nm.

Example 4

saRNAs Promoted LHPP Protein Expression

[0088] Cells were plated into a 96-well plate at 3-5 3 103 cells/well, cultured overnight, and transfected with 10 randomly
selected oligonucleotide duplexes. After 72 h of transfection, the cells were collected and lysed using cell lysis buffer (1
3RIPA buffer, CST) containing protease inhibitor. Protein quantification was performed by using the BCA method (Ther-
mo). After polyacrylamide gel electrophoresis separation, then the protein was transferred to a 0.45 mm PVDF membrane.
The primary antibody used for the blot assay was a mouse monoclonal anti-LHPP antibody (Invitrogen), a rabbit polyclonal
anti-AKT antibody (Cell Signaling Technology), a rabbit polyclonal anti-pAKT antibody (Cell Signaling Technology), or
a rabbit polyclonal anti-α/β-tubulin antibody (Cell Signaling Technology); and the secondary antibody used was an anti-
mouse IgG HRP-linked antibody (Cell Signaling Technology) or an anti-rabbit IgG HRP-linked antibody (Cell Signaling
Technology). Image Lab (BIO-RAD, Chemistry Doctm MP imaging system) was used to scan detecting signals.

Table 5. Double-stranded RNA sequences as study controls

Double-stranded RNA Sequence No. Sequence (5’-3’)

dsCon2-sense strand SEQ ID NO:505 ACUACUGAGUGACAGUAGATT
dsCon2-antisense strand SEQ ID NO:506 UCUACUGUCACUCAGUAGUTT
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[0089] As shown in FIG. 5, the 10 randomly selected saRNAs downregulated the phosphorylation of AKT, while
promoting or increasing the LHPP mRNA and protein expression.

Example 5

saRNAs Inhibited Proliferation of A Variety of Tumor Cells

[0090] In order to further evaluate the effect of LHPP saRNAs in inducing the mRNA expression of the LHPP gene
and inhibiting the proliferation of cancer cells, eight screened saRNAs (RAG7-132, RAG7-133, RAG7-139, RAG7-177,
RAG7-178, RAG7-694, RAG7-707 and RAG7-892) each were transfected into the liver cancer cell lines Huh7 (Medical
Cell Resource Center, Tohoku University, Japan), HepG2 (ATCC), Hep3B (ATCC), Li-7 (Medical Cell Resource Center,
Tohoku University, Japan) and SK-HEP-1 (ATCC), a lung cancer cell line A549 (ATCC), a bladder cancer cell line T24
(ATCC), a prostatic cancer cell line PC3 (ATCC), and a glioma cell line U87MG (ATCC). The mRNA expression and
cell viability of the transfected cells were measured. As shown in FIG. 6, RAG7-133 induced the expression of LHPP
gene to different degrees and inhibited cell proliferation in all five liver cancer cell lines; and RAG7-694 induced the
expression of LHPP gene to different degrees and inhibited cell proliferation in four of the liver cancer cell lines, other
than Li-7. In another aspect, all of the aforementioned 8 saRNAs induced the expression of LHPP gene to different
degrees and inhibited cell proliferation in the cell lines HepG2 and SK-HEP-1 . As shown in FIG. 7, RAG7-133 induced
the expression of LHPP gene to different degrees and inhibited cell proliferation in the cell lines T24, PC3, and U87MG;
RAG7-694 induced the expression of LHPP gene to different degrees and inhibited cell proliferation in the cell lines
A549, T24 and PC3; RAG7-177 induced the expression of LHPP gene to different degrees and inhibited cell proliferation
in the cell lines A549, T24, and U87MG; and RAG7-178 induced the expression of LHPP gene to different degrees and
inhibited cell proliferation in the cell lines A549, PC3, and U87MG.

Example 6

saRNAs in Combination with Chemotherapies Inhibited Cell Proliferation

[0091] The compounds used in the study included: Sorafenib (Sora) (SELLECK, S1040), Lenvatinib (Lenv) (SELLECK,
S1164), Regorafenib (Rego) (SELLECK, S1178), and Cabozantinib (Cabo) (SELLECK, S1119). Cells were transfected
with each candidate saRNAs at varying concentration gradients for 24 hours. Thereafter, the aforementioned compounds
were added to the transfected cells at a concentration of 5 mM and the cells were incubated with the compounds for 48
hours. Cell viability was measured using the CCK-8 method. Compusyn© version 1.0 software (ComboSyn, Inc. Paramus,
NJ, USA) was used to analyze the combination index (CI) of drugs, wherein CI < 1 represented a synergistic effect, CI
= 1 represented an additive effect, and CI > 1 represented an antagonistic effect.
[0092] As shown for HepG2 cells in FIG. 8, a high dose (25 nM to 100 nM) of RAG7-133 saRNA and Regorafenib had
a strong synergistic effect (CI < 0.3); a low dose (1.0 nM to 10 nM) of RAG7-133 and Regorafenib had a synergistic
effect (0.3 < CI < 0.7); and RAG7-133 saRNA had a synergistic effect with Sorafenib and Cabozantinib (CI <1) , but did
not have a synergistic effect with Lenvatinib (CI > 1). As shown for U87MG cells in FIG. 9, RAG7-133 saRNA had a
synergistic effect (CI < 1) with all the four compounds, in particular, when used in combination with Lenvatinib or Cabo-
zantinib. RAG7-133 saRNA had an extremely strong synergistic effect (CI < 0.1) with the compounds within a wide
dosage range (1.0 nM to 100 nM).

Example 7

Drug Combination Inhibited Tumor Growth in vivo in Mice Xenograped with Human HepG2

[0093] To prepare the saRNA formulation, the in vivo-jetPEI (201-10G, Polyplus-transfection, France) was adopted
as an saRNA delivery system. The preparation process is briefly described as follows. An saRNA was first diluted in
10% glucose solution to obtain a solution A. According to the instructions of the manufacturer, a required amount of in
vivo-jetPEI was diluted in 10% glucose solution to obtain a solution B. Equal volumes of the solution A and the solution

(continued)

Double-stranded RNA Sequence No. Sequence (5’-3’)

siLHPP1-sense strand SEQ ID NO:507 GAAGUUCAGAGCCGCUCAATT
siLHPP1-antisense strand SEQ ID NO:508 UUGAGCGGCUCUGAACUUCTT
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B were mixed (nitrogen-to-phosphorus ratio: 8; final concentration of glucose: 5%). After mixing, the mixture was let to
stand at room temperature for 15 minutes for later use.
[0094] HepG2 cells in the logarithmic growth phase were obtained and counted, and then the cell suspension was
regulated to 5 3 107 cells/mL and subcutaneously inoculated into the right armpit of BALB/c nude mice at a volume of
0.1 mL per mouse. When tumors in nude mice grew to about 100 mm3, the nude mice were randomly divided into four
groups each with six mice: (vehicle control (Vehicle) group, saRNA group, regorafenib group, and saRNA and regorafenib
combination group (saRNA+regorafenib)). For the saRNA group and the saRNA + regorafenib group, intratumor injection
of saRNA was performed at 1 mg·kg-1 on days 1, 4, 7 and 10. For the regorafenib group and the saRNA + regorafenib
group, intragastric administration of regorafenib was performed at 3 mg kg-1 everyday from day 1 through day 12. Starting
from the initial administration, the long diameter and the short diameter of each tumor were measured with a vernier
caliper every two days. The tumor volume was calculated according to the formula V = (1 3 w2)/2, wherein 1 represents
the longest diameter of the tumor and w represents the diameter parallel to the surface of the tumor and perpendicular
to the long diameter. A tumor growth curve and size and morphology of the tumor after anatomy were recorded during
the administration. As shown in FIG. 10, compared with the vehicle control group (Vehicle), the tumors began to show
the tendency to grow slowly and shrink as of day 7 in the saRNA group (given RAG7-133 alone), and by day 13, the
tumor volume increased by 34% compared with that at the beginning of treatment in the saRNA group, while the tumor
volume increased by 118% in the vehicle control group. There is a significant difference (P < 0.05) between the tumor
volume changes of the two groups, indicating that the LHPP saRNA can remarkably inhibit tumor growth in vivo in mice.
In the saRNA and regorafenib combination group (RAG7-133 + regorafenib), the tumors began to show the tendency
to grow slowly as of day 4 and began to shrink on day 7 and by day 13 the tumor volume only increased by 4% compared
with that at the beginning of treatment, while the tumor volume in the group given the chemotherapy regorafenib (Rego)
alone increased by 70% on day 13 of treatment compared with that at the beginning of treatment. There is a significant
difference (P < 0.01) between the tumor volume changes of the two groups, indicating that saRNA in combination with
the chemotherapy synergistically enhances the cancer inhibition effect of the chemotherapy.

Example 8

Drug Combination Inhibited Tumor Growth in Vivo in Mice Xenograped with Human U87MG

[0095] To prepare the saRNA formulation, in vivo-jetPEI (201-10G, Polyplus-transfection, France) was adopted as an
saRNA delivery system. The preparation process is briefly described as follows: an saRNA was first diluted in a 10%
glucose solution to give a solution A; a required amount of in vivo-jetPEI was diluted in 10% glucose solution to give a
solution B; then, equal volumes of the solution A and the solution B were mixed (nitrogen-to-phosphorus ratio: 8; final
concentration of glucose: 5%). After mixing the mixture was let to stand under room temperature for 15 minutes for later
use.
[0096] The glioma cell line U87MG were grown to the logarithmic phase, counted, then subcutaneously inoculated at
a concentration of 9 3 107 cells/mL into the right armpit of BALB/c nude mice at 0.1 mL per mouse. Tumor-bearing nude
mice were randomly divided into four groups after tumors grew to about 100 mm3 (vehicle control group, saRNA group,
regorafenib group, and saRNA and regorafenib in combination group (RAG7-133 + regorafenib group)) with seven mice
in each group. For the saRNA group and the saRNA + regorafenib group, intratumor injection of saRNA at 1 mg·kg-1

was performed on days 1, 4, 7 and 10. For the regorafenib group and the saRNA+regorafenib group, intragastric ad-
ministeration of regorafenib at 3 mg·kg-1 was performed every day on day 1 through day 12 . After the initial administration,
the long diameter and short diameter of each tumor were measured with a vernier caliper every two days. The tumor
volume was calculated according to the formula V = (1 3 w2)/2, wherein 1 represents the longest diameter of the tumor
and w represents the diameter parallel to the surface of the tumor and perpendicular to the long diameter. A tumor
growth curve and size and morphology of the tumor anatomy were recorded during the administration. As shown in FIG.
11, compared with the vehicle control group (Vehicle), the tumor volume increased by 167% on day 13 when compared
with that at the beginning of treatment in the saRNA group (given RAG7-133 alone), while the tumor volume increased
by 406% in the control group. There is a significant difference (P < 0.05) between the tumor volume changes of the two
groups, indicating that the LHPP saRNA can remarkably inhibit tumor growth in vivo in mice. In the saRNA and regorafenib
combination group (RAG7-133 + regorafenib), the tumor volume increased by 132% on day 13 compared with that at
the beginning of treatment, while the tumor volume increased by 251% on day 13 compared with that at the beginning
of treatment in the group given regorafenib (Rego) alone. There is a significant difference (P < 0.05) between the tumor
volume changes of the two groups, indicating that the saRNA in combination with the chemotherapy synergistically
enhances the cancer inhibition effect of the chemotherapy.
[0097] Based on the results above, a plurality of saRNAs capable of remarkably activating the expression of LHPP
gene were identified through high-throughput screening of saRNAs targeting LHPP gene promoter. These saRNAs
inhibit the proliferation of tumor cells in vitro or in vivo by up-regulating the expression of LHPP gene and protein and
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downregulating the phosphorylation of AKT. These results clearly suggest that saRNAs targeting the LHPP gene promoter
can be a promising strategy for tumor treatment.
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Claims

1. A small activating nucleic acid molecule, comprising a first nucleic acid strand and a second nucleic acid strand,
wherein the first nucleic acid strand has at least 75% homology or complementarity to a sequence of 16 to 35
continuous nucleotides in positions -917 to -844 (SEQ ID NO: 500), -710 to -675 (SEQ ID NO: 501), -198 to -168
(SEQ ID NO: 502), -151 to -28 (SEQ ID NO: 503) or -845 to -711 (SEQ ID NO: 504) upstream of the transcription
start site in a promoter region of an LHPP gene, and the first nucleic acid strand and the second nucleic acid strand
complementarily form a double-stranded nucleic acid structure capable of activating the expression of the LHPP
gene in a cell.

2. The small activating nucleic acid molecule of claim 1, wherein the first nucleic acid strand and the second nucleic
acid strand are present on two different nucleic acid strands.

3. The small activating nucleic acid molecule of claim 1, wherein the first nucleic acid strand and the second nucleic
acid strand are present on the same nucleic acid strand, and preferably, the small activating nucleic acid molecule
is a hairpin single-stranded nucleic acid molecule, wherein the first nucleic acid strand and the second nucleic acid
strand comprise complementary regions forming the double-stranded nucleic acid structure.

4. The small activating nucleic acid molecule of claim 2, wherein at least one strand of the small activating nucleic acid
molecule has an overhang of 0 to 6 nucleotides in length at the 3’ terminus of the strand.

5. The small activating nucleic acid molecule of claim 4, wherein both strands of the small activating nucleic acid
molecule have overhangs of 0 to 6 nucleotides in length at the 3’ terminus of each strand, preferably the overhangs
are of 2 or 3 nucleotides in length.

6. The small activating nucleic acid molecule of any of claims 1-5, wherein the first nucleic acid strand and the second
nucleic acid strand independently have 16 to 35 nucleotides in length.

7. The small activating nucleic acid molecule of any of claims 1-6, wherein one strand of the small activating nucleic
acid molecule comprises a nucleic acid sequence having at least 75% homology or complementarity to any nucleotide
sequence chosen from SEQ ID NOs: 329-492, or consists of a nucleic acid sequence having at least 75% homology
or complementarity to any nucleotide sequence chosen from SEQ ID NOs: 329-492.

8. The small activating nucleic acid molecule of claims 1-7, wherein the first nucleic acid strand has at least 75%
homology to any nucleotide sequence chosen from SEQ ID NOs: 1-164, and the second nucleic acid strand has at
least 75% homology to any nucleotide sequence chosen from SEQ ID NOs: 165-328.

9. The small activating nucleic acid molecule of claims 1-8, wherein the first nucleic acid strand comprises any nucleotide
sequence chosen from SEQ ID NOs: 1-164, or consists of any nucleotide sequence chosen from SEQ ID NOs:
1-164; and the second nucleic acid strand comprises any nucleotide sequence chosen from SEQ ID NOs: 165-328,
or consists of any nucleotide sequence selected from SEQ ID NOs: 165-328.

10. The small activating nucleic acid molecule of any of claims 1-9, wherein the small activating nucleic acid molecule
comprises at least one modification, and preferably, the modification is a chemical modification.
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11. The small activating nucleic acid molecule of claim 10, wherein the chemical modification comprises or is chosen
from at least one or more of the following modifications:

(1) a modification of a phosphodiester bond connecting nucleotides in the nucleotide sequence of the small
activating nucleic acid molecule;
(2) a modification of 2’-OH of a ribose in the nucleotide sequence of the small activating nucleic acid molecule; and
(3) a modification of a base in the nucleotide sequence of the small activating nucleic acid molecule; and
(4) at least one nucleotide in the nucleotide sequence of the small activating nucleic acid molecule being a
locked nucleic acid.

12. The small activating nucleic acid molecule of claim 10, wherein the chemical modification comprises or is chosen
from at least one or more of the following modifications: 2’-fluoro modification, 2’-oxymethyl modification, 2’-ox-
yethylidene methoxy modification, 2,4’-dinitrophenol modification, locked nucleic acid (LNA), 2’-amino modification,
2’-deoxy modification, 5’-bromouracil modification, 5’-iodouracil modification, N-methyluracil modification, 2,6-di-
aminopurine modification, phosphorothioate modification, and boranophosphate modification.

13. The small activating nucleic acid molecule of any of claims 1-12, wherein the small activating nucleic acid molecule
activates/upregulates the expression of the LHPP gene by at least 10%.

14. A nucleic acid coding the small activating nucleic acid molecule of any of claims 1-9.

15. The nucleic acid of claim 14, wherein the nucleic acid is a DNA molecule.

16. A cell comprising the small activating nucleic acid molecule of any of claims 1-13 or the nucleic acid of claim 14 or 15.

17. A composition comprising the small activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim
14 or 15, or the cell of claim 16, and, optionally, a pharmaceutically acceptable carrier.

18. The composition of claim 17, wherein the pharmaceutically acceptable carrier comprises or is chosen from a liposome,
a high-molecular polymer, and a polypeptide.

19. The composition of claim 17 or 18, wherein the composition comprises 1-150 nM of the small activating nucleic acid
molecule.

20. A kit comprising the small activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15,
the cell of claim 16, or the composition of any of claims 17-19.

21. A use of the small activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15, or the
composition of any of claims 17-19 in preparing a formulation for activating/up-regulating the expression of the LHPP
gene in a cell.

22. The use of claim 21, wherein the small activating nucleic acid molecule is directly introduced into the cell.

23. The use of claim 21, wherein the small activating nucleic acid molecule is produced in the cell after a nucleotide
sequence coding the small activating nucleic acid molecule is introduced into the cell.

24. The use of any of claims 21-23, wherein the cell comprises a mammalian cell.

25. The use of claim 21, wherein the cell is a human cell.

26. The use of claim 25, wherein the cell is present in a human body.

27. The use of claim 26, wherein the human body is a patient suffering from a disease or condition related to insufficient
or decreased expression of LHPP protein, and the small activating nucleic acid molecule is administered at a sufficient
dose to treat the disease or condition.

28. The use of claim 27, wherein the disease or condition related to insufficient or decreased expression of LHPP protein
comprises tumors, preferably solid tumors, and more preferably liver cancer, lung cancer, bladder cancer, prostatic
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cancer, and glioma.

29. An isolated small activating nucleic acid molecule target site of an LHPP gene, wherein the target site comprises
or is chosen from a sequence of continuous 16 to 35 nucleotides in any sequences set forth in SEQ ID NOs: 500-504.

30. The small activating nucleic acid molecule target site of claim 29, wherein the target site comprises or is chosen
from any of nucleotide sequences set forth in SEQ ID NOs: 329-492.

31. A method for activating/upregulating the expression of the LHPP gene in a cell, comprising administering the small
activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15, or the composition of any
of claims 17-19 to the cell.

32. The method of claim 31, wherein the small activating nucleic acid molecule is directly introduced into the cell.

33. The method of claim 31, wherein the small activating nucleic acid molecule is produced in the cell after the nucleic
acid coding the small activating nucleic acid molecule is introduced into the cell.

34. The method of any of claims 31-33, wherein the cell comprises a mammalian cell.

35. The method of claim 31, wherein the cell is a human cell.

36. The method of claim 35, wherein the cell is present in a human body.

37. The method of claim 36, wherein the human body is a patient suffering from a disease or condition related to
insufficient or decreased expression of LHPP protein, and the small activating nucleic acid molecule is administered
at a sufficient dose to treat the disease or condition.

38. The method of claim 36, wherein the disease or condition related to insufficient or decreased expression of LHPP
protein comprises tumors, preferably solid tumors, and more preferably liver cancer, lung cancer, bladder cancer,
prostatic cancer, and glioma.

39. A method for treating a disease or condition related to insufficient or decreased expression of LHPP protein in a
subject, comprising administering to the subject a therapeutically effective amount of the small activating nucleic
acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15, the cell of claim 16, or the composition of
any of claims 17-19 .

40. The method of claim 39, wherein the disease or condition related to insufficient or decreased expression of LHPP
protein comprises tumors, preferably solid tumors, and more preferably liver cancer, lung cancer, bladder cancer,
prostatic cancer, and glioma.

41. The method of claim 39 or 40, wherein the subject is a mammal.

42. The method of claim 39, wherein the subject is a human.

43. The method of any of claims 39-42, wherein the method further comprises administering a chemotherapeutic agent,
radiotherapy, cell therapy, micromolecule, polypeptide, protein, antibody, or other anti-tumor drugs to the subject,
wherein the chemotherapeutic agent preferably comprises or is chosen from Sorafenib, Lenvatinib, Regorafenib
and Cabozantinib.

44. A use of the small activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15, the cell
of claim 16, or the composition of any of claims 17-19 in the preparation of a medicament for treating a disease or
condition related to insufficient or decreased expression of LHPP protein.

45. The use of claim 44, wherein the disease or condition related to insufficient or decreased expression of LHPP protein
comprises tumors, preferably comprises solid tumors, and more preferably comprises or is chosen from liver cancer,
lung cancer, bladder cancer, prostatic cancer, and glioma.

46. A use of the small activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15, the cell
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of claim 16, or the composition of any of claims 17-19 in the preparation of a medicament for treating a disease
caused by insufficient expression of LHPP protein.

47. The use of any of claims 44-46, wherein the subject is a mammal.

48. The use of any of claims 44-46, wherein the subject is a human.

49. A use of the small activating nucleic acid molecule of any of claims 1-13, the nucleic acid of claim 14 or 15, the cell
of claim 16 or the composition of any of claims 17-19 and a chemotherapeutic agent in the preparation of a medicament
or pharmaceutical composition for treating a disease or condition related to insufficient or decreased expression of
LHPP protein, wherein the chemotherapeutic agent preferably comprises or is chosen from Sorafenib, Lenvatinib,
Regorafenib and Cabozantinib.

50. The use of claim 49, wherein the disease or condition related to insufficient or decreased expression of LHPP protein
comprises tumors, preferably comprises solid tumors, and more preferably comprises or is chosen from liver cancer,
lung cancer, bladder cancer, prostatic cancer, and glioma.

51. The use of claim 49 or 50, wherein the subject is a mammal.

52. The use of claim 49 or 50, wherein the subject is a human.
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